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1001‘ 

An item is allocated among tWo bidders that Value the item 
Very differently. The allocation is based on a probability that 
each of the bidders is allocated the item. The probability that 
each bidder is allocated the item is determined based on a 
non-linear function that is applied to bids that are received 
from the bidders. The item can be allocated semi-randomly 
subject to the probability that each bidder is allocated the 
item. A bidder can be required to pay its bid price only When 
allocated the item or each bidder can be required to pay an 
all-pay price regardless of Which bidder is allocated the item. 
If the item is allocated in multiple auctions, the bidders can be 
ensured allocation of the item a minimum number of integer 
times based on the probabilities. 
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5 300 

302 
Bid data for a slot is received from ?rst and second 

bidders 

304 
Allocation probability data is generated for each of the 

?rst and second bidders 

306 
The slot is allocated based on the allocation 

probability data 

FIG. 3A 
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5 350 

An exponential of a first bid for the ?rst 352 
bidder is determined 

An exponential of a second bid for the 354 
second bidder is determined 

356 The allocation probability for the first bidder 
is determined 

The allocation probability for the second 358 
bidder is determined 

FIG. 3B 
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5 370 

A number of allocations of an advertisement 372 
slot is identified 

Allocation probability data for each of a ?rst 374 
bidder and a second bidder is generated 

The allocation probability data for each of 
the first bidder and the second bidder is 
compared to an inverse of the number of 

allocations 

376 

Each bidder for which the allocation 378 
probability data satisfies the inverse number 

of allocations is charged an all-pay price 

The advertisement slot is allocated to each 380 
bidder that paid the al-pay price based on 

the allocation probability data 

FIG. 3C 
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ADVERTISEMENT SLOT ALLOCATION 

BACKGROUND 

[0001] This document relates to item allocation. 
[0002] A publisher of a Webpage can de?ne advertisement 
slots in the Webpage. The advertisement slots are portions of 
the Webpage in Which advertisements can be presented on the 
Webpage. Similarly, publishers of print or other communica 
tion media can de?ne advertisement slots that are appropriate 
for the published media (e.g., advertisement slots in print 
media, advertisement spots in radio and television media, 
etc.). 
[0003] Advertisements can be selected for presentation in 
the advertisement slots based on an auction of the advertise 
ment slots. The auction can identify a bidder to Whom each 
advertisement slot is allocated based on the bids that are 
received from the bidders. The price paid by a bidder for 
allocation of the advertisement slot can be based on the next 
highest bid that is received from a bidder. For example, in a 
generalized second price auction, an advertisement slot is 
allocated to a bidder that submitted a highest bid among the 
bidders to Which the advertisement slot can be allocated. The 
bidder to Which the advertisement slot is allocated pays a 
price that is equal to the next highest bid submitted by adver 
tisers. 
[0004] While an advertisement slot can be consistently 
allocated to a highest bidder for the advertisement slot, allo 
cating the advertisement slot to the highest bidder can yield 
sub-optimal results. For example, When tWo bidders provide 
disparate maximum bids for an advertisement slot, the value 
of the advertisement slot to the advertisers may not be real 
iZed by continuously allocating the advertisement slot to the 
highest bidder over time because the highest bidder may 
reduce its bid in response to continually being allocated the 
advertisement slot. 

SUMMARY 

[0005] In general, one aspect of the subject matter 
described in this speci?cation can be implemented in meth 
ods that include the actions receiving bid data for an item 
from ?rst and second bidders, the bid data de?ning respective 
bids for allocation of the item for each of the ?rst and second 
bidders; for each of the ?rst and second bidders, generating 
allocation probability data for the bidder that de?nes a prob 
ability that the bidder is allocated the item; and allocating the 
item based on the allocation probability data. Other embodi 
ments of this aspect include corresponding systems, appara 
tus, and computer program products. 
[0006] These and other implementations can optionally 
include one or more of the folloWing features. The methods 
can further include the action determining an all-pay price for 
the item, the all-pay price being a price that each bidder pays 
regardless of Which bidder is allocated the item. The all-pay 
price for the item can be based on a reserve price, the reserve 
price being a minimum amount that a provider of the item Will 
accept for allocation of the item. The item can be semi 
randomly allocated among the ?rst bidder and the second 
bidder, the semi-random allocation among the ?rst bidder and 
the second bidder being Weighted based on the allocation 
probability data. The allocation probability data can based on 
a non-linear function of the respective bids. The non-linear 
function can be a logarithmic function. The generating and 
the allocating can be conditioned on a ?rst bid from the ?rst 
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bidder being at least tWo times larger than a second bid from 
the second bidder. The action generating allocation probabil 
ity data can include the actions determining an exponential of 
a ?rst bid for the ?rst bidder, the exponential of the ?rst bid 
being the ?rst bid raised to a poWer betWeen Zero and one; 
determining an exponential of a second bid for the second 
bidder, the exponential of the second bid being the second bid 
raised to the poWer betWeen Zero and one; and determining 
the allocation probability for the ?rst bidder based on a ratio 
of the exponential of the ?rst bid relative to a sum of the 
exponential of the ?rst bid and the exponential of the second 
bid; and determining the allocation probability for the second 
bidder based a complement of the allocation probability for 
the ?rst bidder. The methods can further include the action 
identifying a ?rst bidder and a second bidder from a plurality 
of bidders from Which bid data Were received, the ?rst bidder 
being a bidder for Which a highest bid Was received and the 
second bidder being a bidder for Which a second highest bid 
Was received. The item can be an advertisement slot. 
[0007] Particular embodiments of the subject matter 
described in this speci?cation can be implemented so as to 
realiZe one or more of the folloWing advantages. Revenue that 
is more representative of the value of an advertisement slot to 
the advertisers can be derived by allocating the advertisement 
slot to a second highest bidder for a percentage of the total 
allocations. A bidder can be ensured a percentage of an adver 
tisement slot’s total allocations based on the bidder’s bid. A 
bidder can be ensured a minimum number of allocations of 
the advertisement slot When the bidder is required to pay an 
all-pay price. 
[0008] The details of one or more embodiments of the 
subject matter described in this speci?cation are set forth in 
the accompanying draWings and the description beloW. Other 
features, aspects, and advantages of the subject matter Will 
become apparent from the description, the draWings, and the 
claims. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0009] FIG. 1 is a block diagram of an example online 
environment. 
[0010] FIG. 2 is an illustration of an example Webpage for 
Which advertisement slots can be allocated. 
[0011] FIG. 3A is a How chart of an example process for 
non-linear slot allocation. 
[0012] FIG. 3B is a flow chart of an example process for 
generating allocation probability data. 
[0013] FIG. 3C is a How chart of an example process for 
non-linear allocation of an advertisement slot for an all-pay 
auction. 
[0014] FIG. 4 is block diagram of an example computer 
system that can be used to facilitate non-linear allocation of 
advertisement slots. 
[0015] Like reference numbers and designations in the 
various draWings indicate like elements. 

DETAILED DESCRIPTION 

[0016] An auction subsystem allocates an item from a pro 
vider semi-randomly betWeen tWo bidders that value the item 
very differently. The allocation can be conditioned on the bid 
for the item for one bidder being a minimum multiple (e. g., 
2x, 3x, or some other multiple) of the bid for the item for the 
other bidder. The relative value of the item to each bidder are 
represented by bids received from the bidders for the item. 
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The bids are the maximum amounts that the bidders are 
Willing to pay for allocation of the item. 

[0017] The semi-random allocation of the item is subject to 
probabilities that each of the bidders is allocated the item. For 
example, if a ?rst bidder has a 25% probability of being 
allocated an item and a second bidder has a 75% probability 
of being allocated the item, then the semi-random allocation 
can be performed such that the respective probabilities are 
satis?ed. The probability that each bidder is allocated the item 
is based on a non-linear function applied to the bidder’s bid 
relative to a result of the non-linear function applied to the 
bidder’s bid summed With a result of the non-linear function 
applied to the other bidder’s bid. Allocating items in this 
manner provides total revenue that is non-linearly propor 
tional to a maximum valuation of the item by the bidders. In 
some implementations, the item is an advertisement slot. 

[0018] While reference is made throughout this document 
to allocating advertisement slots for a Webpage, the methods 
and systems described beloW for allocating advertisement 
slots can be implemented for other content environments 
(e. g., con?gurations in print media or time slot con?gurations 
in television or radio media). Additionally, the methods and 
systems described beloW can also be implemented to allocate 
or sell other items. 

§l.0 Advertisement Publishing and Tracking 

[0019] FIG. 1 is a block diagram of an example online 
environment 100. The online environment 100 can facilitate 
the identi?cation and serving of content items, e.g., 
Webpages, advertisements, etc ., to users. A computer netWork 
101, such as a local area netWork (LAN), Wide area netWork 
(WAN), the Internet, or a combination thereof, connects 
advertisers 102, an advertisement management system 104, 
publishers 106, user devices 108, and a search engine 110. 
The online environment 100 may include many thousands of 
advertisers 102, publishers 106 and user devices 108. 
[0020] In some implementations, one or more advertisers 
102 can directly, or indirectly, enter, maintain, and track 
advertisement information in the advertising management 
system 104. The advertisement information can include 
advertisements that the advertiser 102 has provided for pre 
sentation on publisher Webpages. The advertisements can be 
in the form of graphical advertisements, such as banner adver 
tisements, text only advertisements, image advertisements, 
audio advertisements, video advertisements, advertisements 
combining one of more of any of such components, etc., or 
any other type of electronic advertisement document. The 
advertisements may also include embedded information, 
such as links, meta-information, and/or machine executable 
instructions, such as HTML or JavaScriptTM. The advertise 
ment information, corresponding advertisements and other 
advertisement data can be stored in an advertiser data store 
120 that is coupled to the advertisement management system 
104. 

[0021] A user device 108 can submit a page content request 
112 to a publisher 106 or the search engine 110. In some 
implementations, page content 114 can be provided to the 
user device 108 in response to the request 112. The page 
content 114 can include advertisements provided by the 
advertisement management system 104, or can include 
executable instructions, e.g., JavaScriptTM, that can be 
executed at the user device 108 to request advertisements 
from the advertisement management system 104. Example 
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user devices 108 include personal computers, mobile com 
munication devices, television set-top boxes, etc. 
[0022] Requests for advertisements can also be received 
from the publishers 106. For example, one or more publishers 
106 can submit advertisement requests for one or more adver 
tisements to the advertisement management system 104. The 
system 104 responds by sending the advertisements to the 
requesting publisher 106 for placement in an advertisement 
slot that is presented on one or more of the publisher’s Web 
properties (e. g., Websites and other netWork-distributed con 
tent). The advertisements can include embedded links to 
landing pages (e.g., pages on the advertisers’ 102 Websites) 
that a user device 108 is directed to When a user selects an 
advertisement that is presented on the publisher’s Web prop 
erty. The requests for advertisements can also include content 
request information. This content request information can 
include the content itself (e.g., page or other content docu 
ment), a category corresponding to the content or the content 
request (e.g., arts, business, computers, arts-movies, arts 
music, etc.), part or all of the content request, content age, 
content type (e.g., text, graphics, video, audio, mixed media, 
etc.), geo-location information, etc. 
[0023] In some implementations, a publisher 106 can com 
bine the requested content With one or more of the advertise 
ments provided by the system 104. This combined requested 
content and advertisements can be sent to the user device 108 
that requested the content as page content 114 for presenta 
tion in a vieWer (e.g., a broWser or other content display 
system). The publisher 106 can transmit information about 
the advertisements back to the advertisement management 
system 104, including information describing hoW, When, 
and/or Where the advertisements are to be rendered (e.g., in 
HTML or JavaScriptTM). 
[0024] Publishers 106 can include general content servers 
that receive requests for content (e.g., articles, discussion 
threads, music, video, graphics, search results, Webpage list 
ings, information feeds, etc.), and retrieve the requested con 
tent in response to the request. For example, content servers 
related neWs content providers, retailers, independent blogs, 
social netWork sites, or any other entity that provides content 
over the netWork 101 can be a publisher 106. 

[0025] Advertisements can also be provided using the 
search engine 110. The search engine 110 can receive search 
queries. In response, the search engine 110 accesses an index 
of documents (e.g., from an index of Webpages) and generates 
search results that identify documents that are responsive to 
the query. An exemplary search engine 110 is described in the 
article S. Erin and L. Page, “The Anatomy of a Large-Scale 
Hypertextual Search Engine,” Seventh International World 
Wide Web Conference, Brisbane, Australia and in US. Pat. 
No. 6,285,999. A Search result can include, for example, a 
Webpage title, a snippet of text extracted from the Webpage, 
and a hypertext link to those Webpage. The search results may 
be grouped into a predetermined number of (e.g., ten) search 
results. 

[0026] The advertisers 102, user devices 108, and/or the 
search engine 110 can also provide usage information to the 
advertisement management system 104. This usage informa 
tion can include measured or observed user behavior related 
to advertisements that have been served, such as, for example, 
Whether or not a conversion or a selection related to an adver 

tisement has occurred. The system 104 performs ?nancial 
transactions, such as crediting the publishers 106 and charg 
ing the advertisers 102 based on the usage information. Such 
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usage information can also be processed to measure perfor 
mance metrics, such as an impression count, a click-through 
rate (“CTR”), conversion rate, etc. 
[0027] An impression occurs When an advertisement is pre 
sented to a user. An impression count tracks the number of 
times that an advertisement has been presented to a user. For 
example, When a user device 108 requests a Webpage, mul 
tiple advertisements can be provided to the user device 108 
With the Webpage. Each of the advertisements that are pro 
vided With the Webpage can have an impression counter 
incremented because an advertisement impression has 
occurred. 
[0028] A click-through can occur, for example, When a user 
of a user device 108, selects or “clicks” on a link to a content 

item returned by the publisher 106 or the advertising man 
agement system 104. The CTR is a performance metric that is 
obtained by dividing the number of users that clicked on the 
content item, e.g., a link to a landing page, an advertisement, 
or a search result, by the number of times the content item Was 
delivered to user devices 108. 
[0029] A “conversion” occurs When a user consummates a 
transaction related to a previously served advertisement. 
What constitutes a conversion may vary from case to case and 
can be determined in a variety of Ways. For example, a con 
version may occur When a user clicks on an advertisement, is 
referred to the advertiser’s Webpage, and consummates a 
purchase there before leaving that Webpage. Other actions 
that constitute a conversion can also be used. 

§2.0 Advertisement Slot Allocation 

[0030] As discussed above, publisher’s Webpages can 
include advertisement slots in Which advertisements can be 
presented. The con?guration in Which advertisement slots are 
presented on a Webpage is generally determined by the pub 
lisher 106. For example, a publisher 106 may de?ne a single 
advertisement slot in Which advertisements can be presented 
each time the Webpage is provided to user devices 108. Alter 
natively, publishers 1 06 can de?ne tWo or more advertisement 
slots for presenting advertisements on a Webpage. 
[0031] The advertisement management system 104 
receives slot con?guration data for a publisher 106 that 
de?nes a number of available advertisement slots, the siZe of 
each available advertisement slot and the location of each 
available advertisement slot. In some implementations, the 
slot con?guration data for a publisher 106 is provided by the 
publisher 106 in response to a page request from a user device 
108, or alternatively is provided by the user device 108 When 
the page is rendered at the device 108. In response to receiv 
ing the slot con?guration data, the advertisement manage 
ment system 104 conducts an auction of the advertisement 
slots. 
[0032] An advertiser 102 can provide the advertisement 
management system 104 data that can be used to identify 
target Webpages on Which the advertiser 102 Will pay to place 
advertisements. For example, an advertiser 102 can access the 
advertisement management system 104 and enter keyWords 
that can be used to target advertisements to a Webpage. 
[0033] An advertiser 102 can also submit bid data to the 
advertisement management system 104 that specify maxi 
mum amounts that the advertiser 102 is Willing to pay for an 
advertisement slot. The bids received from advertisers 102 
can be stored and indexed in the advertiser data store 120. The 
advertisement slots on Webpages are allocated to advertisers 
102 based on the bid data that is received. 
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[0034] In some implementations, advertisers can bid on 
particular advertisement slots prior to an auction. The adver 
tisement management system 104 can receive the slot con 
?guration data from publishers 106 and can store and index 
the slot con?guration data in a publisher data store 118. The 
advertisers 102 can search the publisher Webpages by provid 
ing advertising queries to the advertisement management sys 
tem 104. Example advertising queries include keyWords, 
demographics parameters, and topic parameters. 
[0035] The advertisement management system 104 
accesses the publisher data store 118 to identify target 
Webpages that satisfy the advertising queries provided by the 
advertiser 102. For each target Webpage that is identi?ed, the 
advertisement management system 104 can provide the 
advertiser 102 information identifying the target Webpage, a 
number of advertisement slots available on the target 
Webpage and other information (e.g., demographic informa 
tion, performance information, etc.) related to the target 
Webpage. Each advertiser 102 can then provide bids in 
response, and the slots for a particular Webpage are auctioned 
in response to the Webpage being provided to a user device 
108. 

[0036] FIG. 2 is an illustration of an example Webpage 200 
for Which advertisement slots can be allocated. The example 
Web page 200 has three advertisement slots 202, 204 and 206 
in Which three advertisements 203, 205 and 207 can be pre 
sented. The advertisement slots 202, 204 and 206 are aligned 
vertically on the right hand side of the example Webpage 200. 
The advertisement slots 204 and 206 are represented by 
dashed lines to indicate that advertisements 203 and 205 0can 
be selectively displayed in these advertisement slots. For 
example, the publisher 106 can determine Whether a single 
advertisement 203 is presented in advertisement slot 202, or 
Whether an advertisement 203 and/ or 205 is also presented in 
advertisement slots 204 and/or 206. 
[0037] The advertisement management system 104 can 
rank the advertisement slots 202, 204 and 206 based on a 
historical performance of advertisements 203, 205 and 207 
that are presented in each of the advertisement slots 202, 204 
and 206. The historical performance of advertisements 203, 
205 and 207 that are presented in the advertisement slots 202, 
204 and 206 can be measured based on the CTR, number of 
impressions, number of conversions, or other performance 
metrics of the advertisements. 

[0038] For example, a CTR of advertisements presented in 
the advertisement slots 202, 204 and 206 can be monitored 
over a period of time so that a statistically relevant number of 
impressions and clicks are received for advertisements 203, 
205 and 207 in each of the advertisement slots 202, 204 and 
206. A number of clicks of advertisements 203, 205 and 207 
presented in each of the advertisement slots 202, 204 and 206 
can be divided by a number of impressions for the advertise 
ment slots 202, 204 and 206 to determine a click-through rate 
of advertisements 203, 205 and 207 presented in each of the 
advertisement slots 202, 204 and 206. In turn, the advertise 
ment slots 202, 204 and 206 can be ranked based on their 
respective click-through rates (e.g., in descending order of 
click-through rates). 
[0039] When advertisement slots are ranked, the advertise 
ment slots can be allocated in descending order of rank to the 
advertisers 102 in descending order of bid. For example, the 
highest ranked advertisement slot (e. g., 202) can be allocated 
to the advertiser 102 from Which the highest bid Was received. 
Similarly, the second and third highest ranked advertisement 
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slots (e.g., 204 and 206) can be allocated to the advertisers 
102 from Which the second and third highest bids Were 
received, respectively. 
[0040] Throughout this document, it Will be assumed for 
example purposes that advertisement slot 202 is the highest 
ranked advertisement slot, advertisement slot 204 is the sec 
ond highest ranked advertisement slot and that advertisement 
slot 206 is the third highest ranked advertisement slot in the 
example Webpage 200. 
[0041] When advertisement slots are allocated as described 
above, the price that each advertiser pays for an advertisement 
slot can be determined based on the next highest bid that Was 
received for the advertisement slot. In a generaliZed second 
price auction, the advertiser 102 from Which the highest bid is 
received is allocated the advertisement slot 202 and Will pay 
a price equal to the next highest bid that Was received. For 
example, if CPC bids of $3 and $2 are received for the adver 
tisement slot 202 from advertiserA and advertiser B, respec 
tively, then advertiser A Will be allocated the advertisement 
slot 202 and Will pay $2 for the advertisement slot if the 
advertisement is selected by a user. 

[0042] Similarly, advertisement slots can be allocated as 
described above in a ?rst price auction. In a ?rst price auction, 
the advertiser 102 from Which the highest bid is received is 
allocated the advertisement slot 202 and pays a price equal to 
their bid for the advertisement slot 202. For example, if adver 
tiserA is allocated the advertisement slot 202 based on the bid 
of $3, advertiserA Will pay $3 for allocation of the advertise 
ment slot 202 in a ?rst price auction. 

[0043] In each of the advertisement slot auctions described, 
the advertisement slot 202 is allocated to the advertiser 102 
from Which the highest bid Was received. HoWever, continu 
ously allocating an advertisement slot to the highest bidder, as 
described above, may yield sub-optimal auction results. 
[0044] For example, When tWo bidders provide disparate 
maximum bids for the advertisement slot 202, the value of the 
advertisement slot 202 may not be realiZed. Consider an 
auction of the single advertisement slot 202 among advertiser 
A and advertiser B, Where a bid of $100 has been received 
from advertiser A and a bid of $1 has been received from 
advertiser B. The advertisement slot 202 Will consistently be 
allocated to advertiser A if the advertisement slot is simply 
allocated to the advertiser 102 from Which the highest bidWas 
received. However, the price that advertiser A Will pay in a 
second price auction Will be $1, even though advertiser A 
values the advertisement slot at up to $100 based on its 
maximum bid. The true value of the advertisement slot 202 
for each advertiser may be a value other than $1 and $100. 
HoWever, the revenue received for the advertisement slot 202 
Will remain at $1 as long as the second highest bid remains at 
$1. 
[0045] Over time, the revenue realiZed from a ?rst price 
auction for the advertisement slot 202 Will also likely 
approach $1 based on the bids provided for advertisers A and 
B. While advertiser A Will pay $100 for allocation of the 
advertisement slot 202 in a ?rst price auction When the bid for 
advertiserA is $100, advertiserA can continually loWer its bid 
for subsequent auctions to identify the next highest bid for the 
advertisement slot 202. Therefore, advertiser A Will discover 
the next highest bid of $1 for the advertisement slot 202 and 
bid an incremental amount (e.g., 1 cent) more than the next 
highest bid to obtain allocation of the advertisement slot 202. 
Thus, over time, the revenue realiZed by the ?rst price auction 
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may be only slightly more than the second highest bid and 
Will likely not re?ect the value of the advertisement slot to the 
highest bidder. 
[0046] As demonstrated above, When a large disparity 
exists betWeen the values of an advertisement slot to adver 
tisers 102, the revenue received for the advertisement slot 
may not re?ect the value of the advertisement slot to the 
advertiser from Which the highest bid Was received. 
[0047] Revenue that is more re?ective of the value of the 
advertisement slot to the advertisers 102 can be realiZed by 
allocating the advertisement slot based on a non-linear func 
tion of the bids for the advertisement slot. This advertisement 
slot allocation based on a non-linear function of the bids for 
the advertisement slot is referred to as non-linear allocation 
because the advertisement slot is allocated to an advertiser 
based on a non-linear proportion of the advertiser’s bid price. 
Additionally, the revenue that is received for the advertise 
ment slot is non-linearly proportional to the bids that are 
received from the advertisers 102. 

§2.1 Non-Linear Allocation 

[0048] An auction subsystem 116 of an advertisement man 
agement system 104 performs non-linear allocation of adver 
tisement slots such that the revenue received for each adver 
tisement slot is more re?ective of the value of the 
advertisement slot to the advertiser 102. In some implemen 
tations, the auction subsystem 116 allocates an advertisement 
slot pseudo-randomly to advertisers 102 subject to a prob 
ability that each advertiser 102 is allocated the advertisement 
slot. The probability that each advertiser 102 is allocated the 
advertisement slot can be based on a non-linear function that 
is applied to the bids for the advertisement slot, as described 
beloW. While pseudo-random allocation of advertisement 
slots is discussed, other allocation techniques can be used 
(e.g., based on the outcome of a function applied to the 
probabilities). 
[0049] The discussion of non-linear allocation of advertise 
ment slots that folloWs focuses on allocation scenarios Where 
tWo advertisers 102 submit bids for a single advertisement 
slot and the advertisement slot is allocated betWeen the tWo 
advertisers 102. HoWever, non-linear allocation of more than 
one advertisement slot to more than tWo advertisers 102 can 
be performed. 
[0050] The auction subsystem 116 receives bid data repre 
senting bids from advertisers 102 for an advertisement slot. 
The bids specify a maximum price that the advertisers 102 are 
Willing to pay to have an advertisement presented in an adver 
tisement slot on a Webpage. 
[0051] For example, bids can be received from tWo particu 
lar advertisers A and B that provided keyWords that are sat 
is?ed by the example Webpage 200. The bids received from 
advertisers A and B can be stored in the advertiser data store 
120. When the advertisement slot 202 of the example 
Webpage 200 is being auctioned, the auction subsystem 116 
can retrieve the bids provided by advertisers A and B. The 
bids retrieved by the auction subsystem 116 can be, for 
example, disparate CPC bids, as provided in Table 1. 

TABLE 1 

Bid 

Advertiser A $100 
Advertiser B $ 1 
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[0052] While the true value of the advertisement slot 202 to 
each advertiser may be different than their respective bids, the 
amount that each advertiser 102 bids for the advertisement 
slot 202 can be considered a measure of the relative value of 
the advertisement slot to the advertiser 102. For example, 
advertiserA is Willing to pay $100 CPC for the advertisement 
slot 202, While advertiser B is only Willing to pay $1 CPC for 
the advertisement slot 202. Therefore, advertiser A can be 
considered to value the advertisement slot 202 at $100 for 
each click that advertiser A receives, While advertiser B is 
considered to value the advertisement slot 202 at $1 for each 
click that advertiser B receives in the advertisement slot 202. 
[0053] Based on the bids received from the advertisers 102, 
the auction subsystem 116 generates allocation probability 
data that de?nes a probability that each advertiser 102 is 
allocated the advertisement slot 202. The probability that 
each advertiser 102 is allocated the advertisement slot is a 
ratio of a result of a non-linear function applied to the adver 
tiser’s bid relative to the result of the non-linear function 
applied to the advertiser’s bid summed With a result of the 
non-linear function applied to the other advertiser’s bid. In 
some implantations, the non-linear function is an exponential 
function (e.g., aAx Where a is an advertiser’s bid and x is the 
exponential factor applied to the bid). 
[0054] The probability that advertiser A is allocated the 
advertisement slot can be represented by equation 1. 

b’; Equation 1 

P“) = [0055] Where, 

[0056] P(A):Probability that advertiser A is allocated the 
advertisement slot; 
[0057] b A:maximum bid received from advertiser A; 
[0058] bB:II12lX1II111II1 bid received from advertiser B; and 
[0059] 0t is selected from [0,1]. 
[0060] Similarly, the probability that advertiser B is allo 
cated the advertisement slot can be represented by Equation 
2. 

bg Equation 2 
P(B) = HE + b7‘ 

[0061] Where, 
[0062] P(B):Probability that advertiser B is allocated the 
advertisement slot; 
[0063] b A:maximum bid received from advertiser A; 
[0064] bB:II12lX1II111II1 bid received from advertiser B; and 
[0065] 0t is selected from [0,1]. 
[0066] Continuing With the example above, the probability 
that advertiserA is allocated the advertisement slot 202 based 
on equation 1 When (Fl/2 is 10/11 (e.g., (100A.5)/(100A.5+ 
10.5)). Similarly, the probability that advertiser B is allocated 
the advertisement slot based on equation 2 When (Fl/2 is 
1/11 (e.g., (1A.5)/(100A.5+1A.5)). In some implementations, 
the probability that advertiser B is allocated the advertisement 
slot can also be determined to be the difference betWeen 1 and 
the probability that advertiserA is allocated the advertisement 
slot. 
[0067] Once an allocation probability is determined for 
each advertiser 102, the auction subsystem 116 can allocate 
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the advertisement slot 202 according to the probabilities. In 
some implementations, the auction subsystem 116 allocates 
the advertisement slot 202 pseudo-randomly among the 
advertisers 102 using the allocation probability for each 
advertiser 102 as a constraint for the pseudo-random alloca 
tion. 

[0068] Continuing With the example above, the auction 
subsystem 116 can allocate the advertisement slot 202 
pseudo-randomly to either advertiser A or advertiser B, such 
that advertiserA is allocated the advertisement slot 202 With 
a 10//11 probability and advertiser B is allocated the adver 
tisement slot 202 With a 1/11 probability. Thus, even though 
the highest bid Was not received from advertiser B, there is a 
1/11 chance that advertiser B Will be allocated the advertise 
ment slot 202. 

[0069] While an exponential function has been discussed 
for example purposes, other non-linear functions can be used 
to determine the probability that each advertiser 102 is allo 
cated the advertisement slot. For example, the probability 
ratio described above can be generaliZed for any tWo adver 
tisers x and y, as provided in Equation 3. 

F (x) Equation 3 

[0070] Where, 
[0071] P(x):Probability of advertiser x being allocated the 
advertisement slot; 
[0072] F(x):a non-linear function applied to the bid from 
advertiser x; and 

[0073] F(y)?he non-linear function applied to the bid from 
advertiser y. 

[0074] The non-linear function F that can be applied to the 
bids from advertiser x and advertiser y can be, for example, a 
log function (e.g., F(x):log(x+1) or F(x):log(log(x+1)+1)). 
[0075] In some implementations, an advertisement slot can 
be allocated among three or more advertisers 102. For 
example, When bids are received from three or more adver 
tisers 102, the auction subsystem 116 can identify a highest 
bid and a second highest bid from among the bids. In turn, the 
auction subsystem 116 can perform the non-linear allocation 
among the tWo highest advertisers, as described above. The 
auction subsystem 116 can alternatively allocate the adver 
tisement slot among three or more advertisers 102 by allocat 
ing the advertisement slot among the three or more advertis 
ers 102 based on a probability that each of the advertisers 102 
Will be allocated the advertisement slot. The auction sub 
system 116 can determine the probability that each of the 
advertisers is allocated the advertisement slot, for example, 
by applying a non-linear function to the bids of the advertis 
ers. Equation 4 is an example generaliZed equation for deter 
mining the probability that each advertiser among multiple 
advertisers is allocated the advertisement slot. 

F (x) Equation 4 

[0076] Where, 
[0077] P(x):Probability of advertiser x being allocated the 
advertisement slot; 



US 2010/0198695 A1 

[0078] F(x):a non-linear function applied to the bid from 
advertiser x; and 
[0079] F(y)?he non-linear function applied to the bid from 
advertiser y; and 
[0080] F(Z)?he non-linear function applied to the bid from 
advertiser Z. 

[0081] When more than one advertisement slot is being 
allocated by the auction subsystem 116, each of the adver 
tisement slots can be allocated individually, as described 
above. In some implementations, the advertisement slots can 
be allocated in order of the rank (e.g., a rank based on histori 
cal performance) of the advertisement slot. For example, the 
highest ranked advertisement slot can be allocated to one of 
the tWo advertisers from Which the tWo highest bids Were 
received. The next highest ranked advertisement slot can 
either be allocated to the advertiser 102 that Was not allocated 
the highest ranked advertisement slot, or to one of the adver 
tisers among the advertisers 102 having the next tWo highest 
bids and that Were not allocated the highest ranked advertise 
ment slot. The allocation process can be repeated until all 
advertisement slots on a page are allocated. 

[0082] Allocating the advertisement slot to advertisers 102 
in proportion to the advertisers’ bids reduces the likelihood 
that the advertiser 102 that provided a higher bid can identify 
the value of the next highest bid. Therefore, the advertiser 1 02 
from that provided the higher bid is more likely to continue to 
provide a higher bid for the non-linear auction over time than 
the bid that the advertiser 102 Would provide for a second 
price auction over time. Accordingly, the minimum revenue 
derived from a non-linear auction Will be higher than the 
minimum revenue derived from a second price auction. While 
the minimum revenue that is derived from the non-linear 
auction Will be higher than the revenue for the second price 
auction, the actual revenue derived from the non-linear auc 
tion can depend on the manner in Which the advertisement 
slots are priced. 

§2.2 Non-Linear Allocation in an All-Pay Auction 

[0083] In some implementations, the auction subsystem 
116 can alloW each advertiser 102 to pay their bid price only 
When the advertiser 102 is allocated the advertisement slot. 
Continuing With the example above, advertiser A Will pay its 
bid of $100 for each click of its advertisement in the adver 
tisement slot 202. Similarly, advertiser B Will pay $1 for each 
click that its advertisement receives in the advertisement slot 
202. Thus, advertisers A and B only pay When their respective 
advertisement is presented in the advertisement slot 202 and 
selected by a user. 

[0084] In other implementations, the auction subsystem 
116 requires that each advertiser 102 pay regardless of 
Whether the advertiser is 102 allocated the advertisement slot. 
An auction in Which each advertiser 102 pays to compete in 
the auction for an advertisement slot regardless of Whether the 
advertiser 102 is allocated the advertisement slot is referred to 
as an all-pay auction. 

[0085] In some implementations, the auction subsystem 
116 can determine an all-pay price that advertisers must pay 
to compete in an all-pay auction for an advertisement slot. 
Each advertiser that is competing in the all-pay auction for an 
advertisement slot must pay the all-pay price regardless of 
Which advertiser is allocated the advertisement slot. For 
example, the advertiser 102 that is allocated the advertise 
ment slot can pay its bid price for the advertisement slot While 
each advertiser 102 that Was not allocated the advertisement 
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slot can be required to pay its bid, a fraction of its bid (e.g., 
10%), a ?xed fee (e. g., $1.00) or some other price in order to 
compete in the all-pay auction. 
[0086] In some implementations, the all-pay price can be a 
reserve price for the advertisement slot. A reserve price is a 
minimum amount that a publisher that provides an advertise 
ment slot Will accept for allocation of the advertisement slot. 
For example, a publisher 106 can specify a reserve price of 
$10 CPC for allocation of an advertisement slot on its 
Webpage. Therefore, no advertiser 102 that bid less than $10 
CPC Will be allocated the advertisement slot. In an all-pay 
auction, each advertiser 102 that Wants to compete in the 
auction for the advertisement slot can be required to pay the 
all-pay price. 
[0087] An all-pay auction can be combined With the non 
linear allocation so that each advertiser 102 pays its bid price 
regardless of Whether the advertiser 102 is allocated the 
advertisement slot. Non-linear allocation of an advertisement 
slot combined With an all-pay price that is equal to the adver 
tiser’s bid is ex-ante individually rational for each advertiser 
102 because each advertiser 102 is allocated the advertise 
ment slot With some probability based on its bid price. HoW 
ever, some advertisers 102 may not Want to compete in an 
auction that requires payment even if the advertiser 102 is not 
allocated an advertisement slot. For example, When a single 
advertisement slot is allocated in a single auction, the adver 
tiser 102 may resist paying the all-pay price Without a guar 
antee of receiving allocation of an advertisement slot in 
return. Therefore, the auction subsystem 116 can adjust the 
non-linear allocation to ensure that an advertiser 102 does not 
pay the all-pay price Without receiving allocation of an adver 
tisement slot in exchange. 
[0088] In some implementations, the auction subsystem 
116 can ensure that an advertiser 102 does not pay unless it is 
allocated an advertisement slot over a minimum number of 
auctions for the advertisement slot. For example, When an 
advertisement slot is to be auctioned k times, the auction 
subsystem 116 can compare the probability that an advertiser 
102 is allocated the advertisement slot to l/k. If the probabil 
ity that the advertiser 102 is allocated the advertisement slot is 
less than l/k, the auction subsystem 116 Will not allocate the 
advertisement slot to the advertiser 102 and Will not require 
payment from the advertiser 102. If the probability that the 
advertiser 102 is allocated the advertisement slot is l/k or 
greater, the auction subsystem 116 allocates the advertise 
ment slot to the advertiser for a largest integer number of the 
k auctions that is less than or equal to the product of the 
probability and k (i.e., allocationséprobability’kk). 
[0089] Continuing With the example above, if the advertise 
ment slot 202 is to be auctioned 10 or feWer times (i.e., k; 1 0), 
the probability (i.e., 1/11) that advertiser B is allocated the 
advertisement slot 202 is less than l/k (i.e., 1/ 10). Therefore, 
the auction subsystem 116 can prevent the advertisement slot 
202 from being allocated to advertiser B and prevent adver 
tiser B from being charged its bid price or any other all-pay 
price. HoWever, if the advertisement slot 202 is to be auc 
tioned at least 11 times (i.e., k; 1 1), then auction subsystem 
116 can allocate advertisement slot 202 to advertiser B the 
largest integer number of times that is less than or equal to the 
product of the probability that advertiser B is allocated the 
advertisement slot and the number of auctions (i.e., INT(1/ 
1 1*k)). 
[0090] In some implementations, the auction subsystem 
116 can achieve the minimum allocation results above by 
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charging an advertiser 102 an all-pay price based on the 
number of the k auctions in Which the advertiser 102 is allo 
cated the advertisement slot. The advertiser 102 from Which 
the highest bid is received pays its bid price for its integer 
number of allocations, Where the integer number of alloca 
tions is determined as described above. HoWever, the adver 
tiser 102 from Which the second highest bid is received only 
pays a price representing the minimum amount required for 
its integer number of allocations, Which can be less than its 
bid price. The price paid by the advertiser 102 from Which the 
second highest bid Was received can be determined, for 
example, as the price Z that satis?es Equation 5: 

b: k Equation 5 

z: _ W; * l 
15 + b’; _ k 

[0091] Where: 
[0092] ZXIa minimum price paid by the advertiser from 
Which the second highest bid Was received; 
[0093] bx?he second highest bid; 
[0094] k?he number of auctions of the advertisement slot; 
[0095] by?he highest bid; and 
[0096] (Fis selected from [0,1]. 
[0097] Allocating and pricing the advertisement slots based 
on the minimum price required to receive the integer number 
of allocations prevents an advertiser 102 that is not allocated 
the advertisement slot from paying an all-pay price. Addition 
ally, allocating the advertisement slot in this manner ensures 
that an advertiser 102 from Which the second highest bid for 
an advertisement slot is only charged a minimum amount 
required to receive its integer number of allocations. 

§2.3 Conditional Non-Linear Allocation 

[0098] In some implementations, non-linear allocation of 
an advertisement slot is conditioned on a minimum bid dis 
parity being satis?ed. In some implementations, the auction 
subsystem 116 Will only perform non-linear allocation When 
a ?rst bid from a ?rst bidder is at least four times larger than 
a second bid from a second bidder. When the minimum bid 
disparity is not satis?ed, the auction subsystem 116 can allo 
cate the advertisement slot based on another auction alloca 
tion method (e.g., generaliZed second price auction or ?rst 
price auction) or the auction subsystem 116 can consistently 
allocate the advertisement slot to the bidder from Which the 
highest bid Was received. The factor of four is provided for 
example purposes. Other minimum bid disparities can be 
used as a condition for the non-linear allocation. 

§3.0 Example Process FloWs 

[0099] FIG. 3A is a How chart ofan example process 300 
for non-linear slot allocation. The process 300 can be imple 
mented, for example, by the auction subsystem 1 1 6 and/ or the 
advertisement management system 104 of FIG. 1. The slots 
can be advertisement slots that are presented, for example, on 
publishers’ Web properties or advertisement spots that are 
presented in print media or other advertising mediums. The 
process can also be used to allocate or sell other items among 
bidders. 
[0100] Bid data for a slot is received from ?rst and second 
bidders (3 02). In some implementations, the bid data de?nes 
respective bids for allocation of the slot for each of the ?rst 
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and second bidders. In some implementations, the respective 
bids for the ?rst and second bidders include a ?rst bid for the 
?rst bidder and a second bid for the second bidder. In some 
implementations, the ?rst bidder is the bidder from Which a 
highest bid is received and the second bidder is a bidder from 
Which a second highest bid is received. The bid data can be 
received, for example, by the auction subsystem 116. The bid 
data can be received directly from a bidder or retrieved from 
a data store. 

[0101] Allocation probability data is generated for each of 
the ?rst and second bidders (304). In some implementations, 
the allocation probability data de?nes a probability that each 
of the ?rst and second bidders is allocated the slot. The allo 
cation probability data can be determined based on a non 
linear function of the respective bids. In some implementa 
tions, the non-linear function can be an exponential function. 
In some implementations, the non-linear function can be a 
logarithmic function. The allocation probability data can be 
generated, for example, by the auction subsystem 116. 
[0102] The slot is allocated based on the allocation prob 
ability data (306). In some implementations, the slot is allo 
cated pseudo-randomly among the ?rst and second bidders, 
Where the pseudo -random allocation is Weighted based on the 
allocation probability data. The slot can be allocated, for 
example, by the auction subsystem 116. 
[0103] FIG. 3B is a How chart ofan example process 350 
for generating allocation probability data. The process 350 
can be implemented, for example, by the auction subsystem 
116 and/or the advertisement management system 104 of 
FIG. 1. The process 350 can be iteratively performed for each 
advertiser that from Which a bid for the slot is received. 
[0104] An exponential of a ?rst bid for the ?rst bidder is 
determined (352). In some implementations, the exponential 
of the ?rst bid is the result of the ?rst bid being raised to a 
poWer betWeen Zero and one. The exponential of the ?rst bid 
can be determined, for example, by the auction subsystem 
116. 
[0105] An exponential of a second bid for the secondbidder 
is determined (354). In some implementations, the exponen 
tial of the second bid is the results of the second bid being 
raised to a poWer betWeen one and Zero. In some implemen 
tations, the poWer by Which the second bid is raised is the 
same poWer by Which the ?rst bid Was raised. The exponential 
of the second bid can be determined, for example, by the 
auction subsystem 116. 
[0106] The allocation probability for the ?rst bidder is 
determined (356). In some implementations, the allocation 
probability of the ?rst bidder is based on a ratio of the expo 
nential of the ?rst bid relative to a sum of the exponential of 
the ?rst bid and the exponential of the second bid. The allo 
cation probability of the ?rst bidder can be determined, for 
example, by the auction subsystem 116. 
[0107] The allocation probability of the second bidder is 
determined (356). In some implementations, the allocation 
probability of the second bidder is based on a complement of 
the allocation probability of the ?rst bidder. For example, the 
allocation probability can be the difference betWeen one and 
the allocation probability for the ?rst bidder. In some imple 
mentations, the allocation probability of the second bidder 
can be based on a ratio of the exponential of the second bid 
relative to a sum of the exponential of the second bid and the 
exponential of the ?rst bid. The allocation probability of the 
second bidder can be determined, for example, by the auction 
subsystem 116. 
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[0108] FIG. 3C is a How chart of an example process 370 
for non-linear allocation of an advertisement slot for an all 
pay auction. The process 370 can be implemented, for 
example, by the auction subsystem 116 and/or the advertise 
ment management system 104 of FIG. 1. The process 370 can 
be iteratively performed for each advertisement slot to be 
allocated on a Webpage. 

[0109] A number of allocations of an advertisement slot is 
identi?ed (372). In some implementations, the number of 
allocations can be speci?ed by the publisher of the Webpage 
on Which the advertisement slot is de?ned. In some imple 
mentations, the number of allocations can be a number of 
allocations (e. g., 100 allocations) for a continuously auc 
tioned advertisement slot that Will be performed using the 
same bids. The integer number of allocations can be identi 
?ed, for example, by the auction subsystem 116. 
[0110] Allocation probability data for each of a ?rst bidder 
and a second bidder is generated (374). In some implemen 
tations, the allocation probability data de?nes a probability 
that each of the ?rst and second bidders is allocated the slot. 
The allocation probability data can be determined based on a 
non-linear function of the respective bids. In some implemen 
tations, the non-linear function can be an exponential func 
tion. In some implementations, the non-linear function can be 
a logarithmic function. The allocation probability data can be 
generated, for example, by the auction subsystem 116. 
[0111] The allocation probability data for each of the ?rst 
bidder and the second bidder is compared to an inverse of the 
number of allocations (376). The allocation probability data 
can be compared to the inverse of the number of allocations, 
for example, by the auction subsystem 116. 
[0112] Each bidder for Which the allocation probability 
data satis?es the inverse number of allocations is charged an 
all-pay price (378). The all-pay price can be charged, for 
example, by the auction subsystem 116 for each auction 
instance. 
[0113] The advertisement slot is allocated to each bidder 
that paid the all-pay price based on the allocation probability 
data (380). In some implementations, each bidder that paid 
the all-pay price is allocated a largest integer number of the 
number of allocations that is less than a product of the number 
of allocations and the allocation probability data for the bid 
der. The advertisement slot can be allocated, for example, by 
the auction subsystem 116. 

§4.0 Example Computer System 

[0114] FIG. 4 is block diagram of an example computer 
system 400 that can be used to facilitate non-linear allocation 
of advertisement slots. The system 400 includes a processor 
410, a memory 420, a storage device 430, and an input/ output 
device 440. Each of the components 410, 420, 430, and 440 
can be interconnected, for example, using a system bus 450. 
The processor 410 is capable of processing instructions for 
execution Within the system 400. In one implementation, the 
processor 410 is a single-threaded processor. In another 
implementation, the processor 410 is a multi-threaded pro 
cessor. The processor 410 is capable of processing instruc 
tions stored in the memory 420 or on the storage device 430. 

[0115] The memory 420 stores information Within the sys 
tem 400. In one implementation, the memory 420 is a com 
puter-readable medium. In one implementation, the memory 
420 is a volatile memory unit. In another implementation, the 
memory 420 is a non-volatile memory unit. 
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[0116] The storage device 430 is capable of providing mass 
storage for the system 400. In one implementation, the stor 
age device 430 is a computer-readable medium. In various 
different implementations, the storage device 430 can 
include, for example, a hard disk device, an optical disk 
device, or some other large capacity storage device. 
[0117] The input/output device 440 provides input/output 
operations for the system 400. In one implementation, the 
input/output device 440 can include one or more of a netWork 

interface devices, e.g., an Ethernet card, a serial communica 
tion device, e.g., and RS-232 port, and/ or a Wireless interface 
device, e.g., and 802.11 card. In another implementation, the 
input/output device can include driver devices con?gured to 
receive input data and send output data to other input/output 
devices, e.g., keyboard, printer and display devices 460. 
[0118] The auction subsystem 116 and/or advertisement 
management system 104 can be realiZed by instructions that 
upon execution cause one or more processing devices to carry 
out the processes and functions described above. Such 
instructions can comprise, for example, interpreted instruc 
tions, such as script instructions, e.g., JavaScript or ECMA 
Script instructions, or executable code, or other instructions 
stored in a computer readable medium. The auction sub 
system 116 and/or advertisement management system 104 
can be distributively implemented over a netWork, such as a 
server farm, or can be implemented in a single computer 
device. 
[0119] Although an example processing system has been 
described in FIG. 4, implementations of the subject matter 
and the functional operations described in this speci?cation 
can be implemented in other types of digital electronic cir 
cuitry, or in computer softWare, ?rmWare, or hardWare, 
including the structures disclosed in this speci?cation and 
their structural equivalents, or in combinations of one or more 
of them. Implementations of the subject matter described in 
this speci?cation can be implemented as one or more com 

puter program products, i.e., one or more modules of com 
puter program instructions encoded on a tangible program 
carrier for execution by, or to control the operation of, a 
processing system. The computer readable medium can be a 
machine readable storage device, a machine readable storage 
substrate, a memory device, a composition of matter effecting 
a machine readable propagated signal, or a combination of 
one or more of them. 

[0120] The term “processing system,” “processing 
devices” and “subsystem” encompasses all apparatus, 
devices, and machines for processing data, including by Way 
of example a programmable processor, a computer, or mul 
tiple processors or computers. The processing system can 
include, in addition to hardWare, code that creates an execu 
tion environment for the computer program in question, e. g., 
code that constitutes processor ?rmWare, a protocol stack, a 
database management system, an operating system, or a com 
bination of one or more of them. 

[0121] A computer program (also knoWn as a program, 
softWare, softWare application, script, or code) can be Written 
in any form of programming language, including compiled or 
interpreted languages, or declarative or procedural lan 
guages, and it can be deployed in any form, including as a 
stand alone program or as a module, component, subroutine, 
or other unit suitable for use in a computing environment. A 
computer program does not necessarily correspond to a ?le in 
a ?le system. A program can be stored in a portion of a ?le that 
holds other programs or data (e.g., one or more scripts stored 
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in a markup language document), in a single ?le dedicated to 
the program in question, or in multiple coordinated ?les (e.g., 
?les that store one or more modules, sub programs, or por 
tions of code). A computer program can be deployed to be 
executed on one computer or on multiple computers that are 
located at one site or distributed across multiple sites and 
interconnected by a communication netWork. 
[0122] Computer readable media suitable for storing com 
puter program instructions and data include all forms of non 
volatile memory, media and memory devices, including by 
Way of example semiconductor memory devices, e.g., 
EPROM, EEPROM, and ?ash memory devices; magnetic 
disks, e.g., internal hard disks or removable disks; magneto 
optical disks; and CD ROM and DVD ROM disks. The pro 
cessor and the memory can be supplemented by, or incorpo 
rated in, special purpose logic circuitry. 
[0123] Implementations of the subject matter and the func 
tional operations described in this speci?cation can be imple 
mented in digital electronic circuitry, or in computer soft 
Ware, ?rmWare, or hardWare, including the structures 
disclosed in this speci?cation and their structural equivalents, 
or in combinations of one or more of them. Implementations 
of the subject matter described in this speci?cation can be 
implemented as one or more computer program products, i.e., 
one or more modules of computer program instructions 
encoded on a tangible program carrier for execution by, or to 
control the operation of, data processing apparatus. 
[0124] Implementations of the subject matter described in 
this speci?cation can be implemented in a computing system 
that includes a back end component, e. g., as a data server, or 
that includes a middleWare component, e.g., an application 
server, or that includes a front end component, e.g., a client 
computer having a graphical user interface or a Web broWser 
through Which a user can interact With an implementation of 
the subject matter described in this speci?cation, or any com 
bination of one or more such back end, middleWare, or front 
end components. The components of the system can be inter 
connected by any forrn or medium of digital data communi 
cation, e.g., a communication netWork. 

[0125] While this speci?cation contains many speci?c 
implementation details, these should not be construed as limi 
tations on the scope of any invention or of What may be 
claimed, but rather as descriptions of features that may be 
speci?c to particular embodiments of particular inventions. 
Certain features that are described in this speci?cation in the 
context of separate embodiments can also be implemented in 
combination in a single embodiment. Conversely, various 
features that are described in the context of a single embodi 
ment can also be implemented in multiple embodiments sepa 
rately or in any suitable subcombination. Moreover, although 
features may be described above as acting in certain combi 
nations and even initially claimed as such, one or more fea 
tures from a claimed combination can in some cases be 

excised from the combination, and the claimed combination 
may be directed to a subcombination or variation of a sub 
combination. 

[0126] Similarly, While operations are depicted in the draW 
ings in a particular order, this should not be understood as 
requiring that such operations be performed in the particular 
order shoWn or in sequential order, or that all illustrated 
operations be performed, to achieve desirable results. In cer 
tain circumstances, multitasking and parallel processing may 
be advantageous. Moreover, the separation of various system 
components in the embodiments described above should not 
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be understood as requiring such separation in all embodi 
ments, and it should be understood that the described program 
components and systems can generally be integrated together 
in a single softWare product or packaged into multiple soft 
Ware products. 
[0127] Particular embodiments of the subject matter 
described in this speci?cation have been described. Other 
embodiments are Within the scope of the folloWing claims. 
For example, the actions recited in the claims can be per 
formed in a different order and still achieve desirable results. 
As one example, the processes depicted in the accompanying 
?gures do not necessarily require the particular order shoWn, 
or sequential order, to achieve desirable results. In certain 
implementations, multitasking and parallel processing may 
be advantageous. While reference is made to delivering 
advertisements, other forms of content including other forms 
of sponsored content can be delivered. 
[0128] This Written description sets forth the best mode of 
the invention and provides examples to describe the invention 
and to enable a person of ordinary skill in the art to make and 
use the invention. This Written description does not limit the 
invention to the precise terms set forth. Thus, While the inven 
tion has been described in detail With reference to the 
examples set forth above, those of ordinary skill in the art may 
effect alterations, modi?cations and variations to the 
examples Without departing from the scope of the invention. 

What is claimed is: 
1. A computer-implemented method, comprising: 
receiving bid data for an item from ?rst and second bidders, 

the bid data de?ning respective bids for allocation of the 
item for each of the ?rst and second bidders; 

for each of the ?rst and second bidders, generating alloca 
tion probability data for the bidder that de?nes a prob 
ability that the bidder is allocated the item; and 

allocating the item based on the allocation probability data. 
2. The method of claim 1, further comprising determining 

an all-pay price for the item, the all-pay price being a price 
that each bidder pays regardless of Which bidder is allocated 
the item. 

3. The method of claim 2, Wherein the all-pay price for the 
item is based on a reserve price, the reserve price being a 
minimum amount that a provider of the item Will accept for 
allocation of the item. 

4. The method of claim 1, Wherein the item is semi-ran 
domly allocated among the ?rst bidder and the second bidder, 
the semi-random allocation among the ?rst bidder and the 
second bidder being Weighted based on the allocation prob 
ability data. 

5. The method of claim 1, Wherein the allocation probabil 
ity data is based on a non-linear function of the respective 
bids. 

6. The method of claim 5, Wherein the non-linear function 
is a logarithmic function. 

7. The method of claim 1, Wherein the generating and the 
allocating are conditioned on a ?rst bid from the ?rst bidder 
being at least tWo times larger than a second bid from the 
second bidder. 

8. The method of claim 7, further comprising alWays allo 
cating the item to the ?rst bidder When the ?rst bid is greater 
than the second bid but less than tWo times larger than the 
second bid. 

9. The method of claim 1, Wherein generating allocation 
probability data comprises: 
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determining an exponential of a ?rst bid for the ?rst bidder, 
the exponential of the ?rst bid being the ?rst bid raised to 
a power betWeen Zero and one; 

determining an exponential of a second bid for the second 
bidder, the exponential of the second bid being the sec 
ond bid raised to the poWer betWeen Zero and one; and 

determining the allocation probability for the ?rst bidder 
based on a ratio of the exponential of the ?rst bid relative 
to a sum of the exponential of the ?rst bid and the 
exponential of the second bid; and 

determining the allocation probability for the second bid 
der based a complement of the allocation probability for 
the ?rst bidder. 

10. The method of claim 1, further comprising identifying 
a ?rst bidder and a second bidder from a plurality of bidders 
from Which bid data Were received, the ?rst bidder being a 
bidder for Which a highest bid Was received and the second 
bidder being a bidder for Which a second highest bid Was 
received. 

11. The method of claim 1, Wherein the item is an adver 
tisement slot. 

12. A system, comprising: 
an advertisement management system comprising one or 
more processors to receive slot con?guration data de?n 
ing a slot that is available on a publisher’s property for 
presenting advertisements and to receive bid data for the 
slot from ?rst and second bidders, the bid data de?ning 
respective bids for allocation of the slot for each of the 
?rst and second bidders; 

a data store couple to the advertisement management sys 
tem to store the slot con?guration data and the respective 
bids; and 

an auction subsystem coupled to the advertisement man 
agement system and the data store, the auction sub 
system operable to determine allocation probability data 
that de?nes a probability With Which the slot is allocated 
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to each of the ?rst and the second bidders and to allocate 
the slot among the ?rst and second bidders based on the 
allocation probability data. 

13. The system of claim 12, Wherein the auction subsystem 
is further operable to determine an all-pay price that each 
bidder pays regardless of Which bidder is allocated the slot. 

14. The system of claim 13, Wherein the all-pay price is 
based on a reserve price that de?nes a minimum amount that 
a publisher that provides the slot Will accept for allocation of 
the slot. 

15. The system of claim 12, Wherein the allocation prob 
ability data is based on a non-linear function of the respective 
bids 

16. The system of claim 12 Wherein the allocation of the 
slot is a pseudo-random allocation among the ?rst and second 
bidders. 

17. The system of claim 12, Wherein the allocation based 
on the probability data is conditioned on a ?rst bid from the 
?rst bidder being at least four times larger than a second bid 
from the second bidder. 

18. The system of claim 17, Wherein the auction subsystem 
is operable to allocate the slot to the ?rst bidder When the ?rst 
bid is greater than the second bid but less than four times 
greater than the second bid. 

19. The system of claim 12, Wherein the advertisement 
management system and the auction subsystem are imple 
mented as independent processing systems in a distributed 
processing network. 

20. The system of claim 12, Wherein the allocation prob 
ability data for the ?rst bidder is based on a ratio of an 
exponential of the ?rst bid relative to a sum of the exponential 
of the ?rst bid and the exponential of the second bid. 

21. The system of claim 20, Wherein the allocation prob 
ability data for the second bidder is based on a complement of 
the allocation probability data for the ?rst bidder. 

* * * * * 


